Rosemary plant is in high demand due to its application in traditional health care, food flavoring, fragrance and pharmaceutical industries. It contains high level of secondary metabolites which are responsible for its beneficial activities. Application of molecular techniques would facilitate the production of these substances and screening of accessions. The isolation of polymerase chain reaction (PCR) amplifiable genomic DNA is a pre-requisite for taking advantage of these technologies. Even though several DNA isolation protocols for plants with high level of secondary metabolites were developed, they may not permit optimal DNA extraction due to chemotypic variation within species. Extracting DNA from different rosemary accessions is a challenging task due to its high level of secondary metabolites. Therefore, this research is conducted with the aim of optimizing a reliable and rapid method suitable for extracting DNA from rosemary plants. The optimized protocol avoids the use of repeated toxic phenols, liquid nitrogen and large polypropylene tube. It is appropriate for both fresh and dry leaf samples. The quality of the obtained DNA was excellent as evident by A 260 /A 280 ratio ranging from 1.7 to 1.89 and the concentration ranged from 195.8 to 2184 ng/µl. The success of this protocol indicated its applicability for other plants with high secondary metabolite contents.
INTRODUCTION
Rosemary (Rosemarinus officinalis L.) is an aromatic, medicinal and spice herb that belongs to the Lamiaceae family (Elhassan and Osman, 2014) . The genus Rosemarinus also includes Rosmarinus eriocalyx, Rosmarinus tomentosus, Rosmarinus lavandulaceus and Rosmarinus laxiflorus (Zaouali et al., 2010; Rosselló et al., 2006; Upson, 2006; Angioni et al., 2004; Elamrani et al., 2000; Arnold et al., 1997) . Among all Rosmarinus species, only R. officinalis had gained medicinal, pharmaceutical and industrial importance. It is the most exploited species due to its valuable essential oil and phenolic contents (Zaouali et al., 2010) . It is known for the quality of its essential oils and polyphenols exhibiting antiseptic (Rampart et al., 1986; Bult et al., 1985) , anti-*Corresponding author. E-mail: damtewzewdinesh@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License rheumatic (Makino et al., 2000) , antispasmodic and antioxidant activities (Zaouali et al., 2010; Almela et al., 2006; Del Bano et al., 2003) . Moreover, rosemary oil is known to have antimicrobial antitumor, antiviral, antibacterial, anti-inflammatory and carminative activity (Peshev et al., 2011) .
The plant is in high demand due to its accessibility and application in traditional health care, food flavoring, fragrance, perfume, pesticide and pharmaceutical industries (Mishra et al., 2009; Mulas et al., 2002) . It has long been known to contain high level of bioactive secondary metabolites which are responsible for its diverse use (Peter, 2012; Hamedo and Abdelmigid, 2009 ). Some of the bioactive compounds found in rosemary are phenolic diterpenes (carnosic acid, carnosol or rosmanol), flavonoids (genkwanin, cirsimaritin or homoplantaginin), and triterpenes (ursolic acid) (Bai et al., 2010; Del Baño et al., 2004; Bicchi et al., 2000) . Application of molecular techniques would increase and facilitate the production of these substances, screening of accessions, choosing of parents and selection of progenies as well as prevent biological privacy (Khanuja et al., 1999; Moyo et al., 2008) . The isolation of pure, intact and high-quality DNA for polymerase chain reaction (PCR) amplification is a pre-requisite for taking advantage of these technologies. But the isolation and purification of high molecular weight DNA from aromatic and medicinal plants is compromised by excessive contamination by secondary metabolites (Sahu et al., 2012) . This substance causes great problems in DNA isolation and isolated DNA that contains these metabolites is not suitable for PCR amplification (Puchooa and Venkatasamy, 2005) . Degradation of DNA due to endonuclease, co-isolation of polysaccharides, polyphenols and other secondary metabolites are problems encountered during DNA isolation from these plants. The presence of polysaccharides and polyphenols inhibits enzyme activities, reduces yield, quality and maintenance time of extracted DNA (Khanuja et al., 1999) .
Several genomic DNA isolation protocols for plants with high level of secondary metabolites were developed (Iqbal et al., 2013; Sahu et al., 2012; Khanuja et al., 1999) . But most of the methods are lengthy and involved repeated use of toxic phenols. The repeated use of chloroform: isoamyle alcohol extraction makes the steps lengthy, costly and more dangerous for health. As chloroform is potentially dangerous for human health, it is important to reduce usage of it. Moreover, most of the procedure involves the use of liquid nitrogen freezing to preserve and grind the samples. Since liquid nitrogen is difficult to handle and could be dangerous in an open laboratory, it is important to find an alternative method. In addition, plant species belonging to the same or related genera will have wide variability in chemical composition. This chemotypic variation within species may not permit optimal DNA isolation from one protocol (Varma et al., 2007) . Thus DNA isolation protocols need to be adjusted to each plant species.
Since rosemary is among the plants with high level of secondary metabolites, extraction of non-contaminated DNA from it is a challenging task. Therefore, appropriate extraction method should be optimized for it. Therefore, the objective of this study was to develop a simple, rapid and safe extraction method which yields DNA in desirable quantity and quality for molecular work.
MATERIALS AND METHODS

Plant
Leaves were taken from 10 rosemary accessions collected from different part of Ethiopia and grown at National Biotechnology Research Center experimental station. Leaf material was collected from actively growing parts of the plants and stored in -80°C until use. Leaf samples were also subjected to silica gel drying in order to check the applicability of the optimized protocol for dry sample.
Extraction methods
DNA extraction method developed by diversity array technology (DArT, 2019), cetyl trimethylammonium bromide (CTAB) extraction method by Doyle and Doyle (1990) and a methods developed by Khanuja et al. (1999) were employed for extracting DNA from rosemary accessions. Among the tested methods, Khanuja et al. (1999) method performs better in regard to DNA quality. Therefore, this method was taken and optimized for DNA extraction of different rosemary accessions by varying incubation and centrifuge condition, time and revolution per minutes (rpm), and by avoiding repeated steps of chloroform: isoamyl and high salt re-extraction. The modified method also avoided the use of large polypropylene tube and liquid nitrogen.
Standardized DNA extraction procedure
(i) 10 mg of -80°C frozen leaves were ground to fine powder by using pre chilled mortar and pestle (silica gel dried leaves were ground with mortar and pestle without ice cold condition).
(ii) The powdered materials were transferred into 2 ml sterile Eppendorf tube and 1000 µl of freshly prepared extraction buffer which contains 100 mMTris-HCl (pH 8.0), 25 mM EDTA (pH 8.0), 1.5 M NaCl, 2.5% CTAB (w/v), 0.2% β-mercaptoethanol (v/v) (to be added just before use) and 1% PVP (w/v) (to be added just before use) was added and mixed by inverting the tubes slowly. (iii) After properly mixed, the samples were incubated at 65°C for 90 min in water bath (2 h incubation was employed for dry samples). The samples were mixed every 20 min by inverting the tubes. (iv) 1000 µl of chloroform: isoamyl alcohol (24:1 v/v) mixture was added and mixed by inversion of the tubes for about 15 min, followed by centrifugation at 10,000 rpm for 10 min.
(v) After centrifugation, supernatant was taken carefully and transferred into another 2 ml sterile Eppendorf tube, followed by addition of 500 µl of 5 M NaCl and gentle mixing. (vi) 0.5 volumes of cold isopropanol were added and the tubes were slowly inverted 5 to 10 times and stand at room temperature for about 1 h. After 1 h, the samples were carefully mixed by inversion of the tubes and then centrifuged for 30 min at 10,000 rpm. (vii) After centrifugation, the supernatant was discarded and the pellet is washed in chilled absolute and 80% ethanol, followed by drying the pellet at room temperature for 20 to 30 min. (viii) After drying the pellet, it is re-suspended in 100 µl of nuclease free water for about 1 h and 5 µl of RNase A was added and incubated at 37°C for 30 min. (ix) After the DNA quantity and quality is checked, it is stored at 4°C until use and/or at -20°C for long term preservation.
Quantification and qualification of the extracted DNA
The quantification of genomic DNA was achieved using a Nanodrop spectrophotometer (ND-8000). The DNA purity was determined by the A260/A280 absorbance ratio. DNA purity was further tested by running the extracted genomic DNA samples on 1% agarose gel in 1× TAE gel buffer. For gel preparation, agarose powder was dissolved in 1× TAE buffer, the mixture was boiled on microwave oven at 100°C. After agarose was dissolved completely and cooled to 50 to 60°C it is casted in a gel tray with comb. After solidifying, gel was placed in gel tank containing 1× TAE buffer. A DNA sample from each accession was taken, mixed with 2 µl of loading dye which contains gel red and loaded in the wells. Gel was run at constant voltage of 80 V for approximately 40 min. The gel was observed under UV light using gel documentation system (Bio Doc-IT Imaging system).
PCR amplification
PCR for amplification of DNA were carried out in a final volume of 12.5 µl. A reaction tube contained 50 ng of genomic DNA, 6.25 µl of master mix, 10 pmol of each SSR forward and reverse primer. The amplifications were carried out using the T100 thermal cycler for 35 cycles of 94°C for 4 min, 94°C for 1 min, 72°C for 1 min, followed by a final extension step of 72°C for 7 min (Segarra-Moragues and Gleiser, 2009). The amplified products were loaded in a 3% agarose gel and observed in gel documentation system.
RESULTS AND DISCUSSION
The DArT protocol did not show promising results for different rosemary accessions as evident by poor quality, very black supernatant and pellet (Figure 1 ). The quality of the extracted DNA was very low and the ratio of A 260 /A 280 is below 1.5 (Table 1) . It also gave unclear and sheared bands during gel electrophoresis (Figure 2a ). This showed that the extraction method developed by DArT is not optimal for extraction of non-contaminated DNA from different rosemary accessions. CTAB extraction method by Doyle and Doyle (1990) also did not give desirable result for all the tested rosemary accessions. The obtained DNA was brownish in color, sticky to the wells and produced sheared bands in agarose gel electrophoresis (Figure 2a ). The brownish pellet, sticky and sheared bands in the agarose gel obtained by this extraction method indicated contamination by polysaccharides and phenols (Moreira and Oliveira, 2011) . The quality of the DNA was also very poor and ratio of A 260 /A 280 was below the optimal limit (Table 1) . These make the DNA non-suitable for PCR amplification and further molecular work.
The extraction method developed by Khanuja et al., (1999) yielded better DNA quality compared to the two protocols. The obtained DNA was free from staining and not sticky to the wells during electrophoresis. Even though the method produced better quality DNA and relatively better in removing polysaccharides and other secondary metabolites, it is not applicable in the case of rosemary, because the amount of extracted DNA was very low (Table 2) and degraded within short time as Table 1 . Genomic DNA quality and quantity of rosemary accessions extracted by using DArT and CTAB extraction method by Doyle and Doyle (1990 Figure 2b ). Similar problems were reported by Iqbal et al., (2013) . When using this protocol for Berberis and Mentha species. The obtained DNA pellet by such protocol is subjected to high salt TE buffer dissolving and then re-extracted by chloroform: isoamyl alcohol. This reduced the quantity of the DNA obtained.
High quantity and quality DNA was extracted from both fresh and dry leaf samples by modified protocol. The absorbance ratio of A 260 /A 280 ranges from 1.7 to 1.89 and concentration of the DNA ranges from 195.8 to 2184 ng/µl (Table 3) . For most of the accessions in all the three replication, the A 260 /A 280 ratio is above 1.75 and the quantity is above 300 ng/µl. Suggesting that the obtained DNA is free of proteins and polyphenols (Saghai-Maroof et al., 1984) . The pellets were clear and white without visible discoloration indicating that the DNA isolated by this protocol is neither contaminated nor degraded. A clear band on agarose gel electrophoresis also showed the DNA is free of polysaccharides and secondary metabolites (Figure 1a) . The DNA of all tested accessions were also run for PCR amplification, the result exhibited that the DNA obtained by the optimized protocol is suitable for PCR amplification and further molecular work ( Figure  2b) .
Increasing incubation temperature, avoiding high salt TE buffer dissolving and chloroform: isoamyl alcohol re-extraction steps in this protocol enables obtaining of high quality quantity DNA. The modification made on centrifugation condition also helps to obtain clear and easily separable supernatants and well precipitated DNA pellet. As it has been reported for other aromatic and medicinal plants (Sahu et al., 2012; Khanuja et al., 1999) , the use of high concentration of PVP and β-mercapto ethanol also help to successfully remove the polyphenols from R. offocinalis accessions. Moreira and Oliveira (2011) and Paterson et al., (1993) also reported the addition of more than 0.5 M NaCl to remove polysaccharides during DNA extraction. The use of high concentration (1.5 M in extraction buffer and 5 M in supernatant) of NaCl in this protocol therefore successfully removed the polysaccharides from all the tested rosemary accessions.
Conclusion
The optimized protocol modifies incubation time and temperature, centrifugation time and revolution per minute. It also eliminates elution of the pellet in high salt TE buffer and re-extraction by chloroform: isoamyl alcohol. All this modifications made the protocol optimum for obtaining DNA in desirable quantity and quality from rosemary accessions. The protocol also avoids the use of liquid nitrogen by using -80°C stored and silica gel dried leaf sample for DNA extraction. This makes the protocol applicable in areas where storage of liquid nitrogen is difficult. Moreover, the method avoids the use of large polypropylene tube and leaf sample. These make the method more applicable in modern Doyle and Doyle (1990) . Lanes 5 to 7 show the isolated DNA by Khanuja et al. (1999) protocol. Lanes 8 to 10 show the isolated DNA extracted by the present optimized protocol. (b) PCR amplified samples on 3% agorose gel by using primers: F:5'AGATGAAGATGGGTGAACTGAAG3'; R:5' TTGAAGGGTGCATTTGGATAGA3'. Lanes 1 to 3 show amplied DNA extracted by the optimized protocol and Lanes 4 to 6 show poor amplification of DNA extracted by Khanuja et al. (1999) . M represents 100 bp ladder. Table 2 . Genomic DNA quality and quantity of rosemary accessions extracted by using Khanuja et al. (1999) protocol.
Accession code
Replication 1 Table 3 . Genomic DNA quality and quantity of rosemary accessions extracted by using the current optimized protocol. biotechnology laboratories which use eppendorf and micro centrifuge tube. Generally, the optimized protocol is time and cost efficient less hazardous and applicable for extracting DNA from both fresh and dry leaf samples of rosemary accessions. The success of this protocol also indicated its usefulness for extraction of DNA from other plants with high level of secondary metabolites.
